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This paper outlines ongoing research that is investigating ways to increase the supply of high 
quality planting materials for smallholder forestry in the Philippines. A Bayesian Belief 
Network (BBN) of the nursery sector that had been developed previously by one of the 
authors was further refined during a planning and implementation workshop for the ACIAR 
Smallholder Nursery project.  The refined model was then used to identify key leverage 
points for intervention. Stakeholders at the planning and implementation workshop also 
developed a series of potential pilot projects to be considered for implementation as part of 
the project. The BBN was then used to explore potential impacts of possible policy 
interventions and from this process the ‘best bet’ intervention measures were identified and 
pilot studies initiated.  Improving Technical Skills was consistently a very important 
intervention for lifting the effectiveness of all nursery sub-sectors. Training, however, which 
directly influences Technical Skills in the BBN model, was found to have little influence on 
Technical skills for the individual and communal nursery sectors in particular.  Another 
interesting finding arising from the BBN, was that implementing interventions 
simultaneously, as an intervention package, is much more likely to improve nursery 
effectiveness that implementing a single intervention by itself.  The analysis of the ratings of 
potential areas for intervention by participants revealed three main themes, namely Markets, 
Quality of Seedlings and Funding (of nurseries). 
 
 
Introduction 
The provision of high quality planting stock is fundamental to the success of forestry, both 
for large scale plantations and smaller scale plantations established by individual landholders 
and under community forestry programs.  As in many developing countries, problems within 
the forestry nursery sector in the Philippines have been identified from previous and current 
ACIAR projects as major constraints to the development of smallholder and community 
forestry, e.g. Gregorio et al. 2004. The current organisation of the public and private sector 
nurseries is not delivering seedlings of appropriate quality to tree farmers in an equitable 
manner.  There are no quality protocols in most nurseries and many potential buyers have no 
knowledge about the existence of nurseries that can supply planting material.  Crowding out 
of the private sector by public sector nurseries (including those funded with development 
assistance money) appears to be restricting development of the sector overall, and the role of 
the Department of Environment and Natural Resources (DENR) within this milieu is 
ambiguous.  A study commissioned by the World Agroforestry Centre (ICRAF) indicates that 
problems with the nursery problem are widespread in the Philippines, including Mindanao, 
Bohol and Cebu.  
 
The aim of the ACIAR-funded project ASEM/2006/091 Enhancing tree seedling supply via 
economic and policy changes in the Philippines nursery sector (referred to as the ACIAR 
seedling enhancement project) is to improve the economic efficiency and policy environment 
of the Philippines tree nursery sector. The objectives of the project are to: 
 
1. Examine the respective roles and effectiveness of the private and public sector in the 
tree nursery sector 
2. Develop a policy assessment model and identify policy intervention points at both the 
national and at the local level 
3. Implement local level policy changes in conjunction with DENR and pilot test 
strategies to increase the economic viability of the nursery sector 
 
A systems perspective is applied in the project, to integrate the various disciplines involved in 
the project.  A systems approach provides a framework which allows the effective integration 
of information generated from different disciplines and scales.  Various systems ‘tools’ and 
techniques will be used including regular facilitated meetings of key stakeholders and 
researchers during project conceptualisation and implementation and the use of modelling 
tools including  Netica and Simile which allow integration of expert (discipline-based) and 
local (stakeholder) knowledge. 
 
The systems approach has been used in conceptualizing the project. Nurseries were 
contextualised within the policy environment and within the broader system of expansion of 
smallholder forestry and of development of the seedling nursery sector, as reported in 
Gregorio (2006) and Gergorio et al., (in review).  The nursery sector is viewed as comprising 
of three interacting segments, viz. private, community and government nurseries operating 
within a policy framework largely administered by DENR.   The issues associated with 
improving the economic efficiency and policy environment of the Philippines tree nursery 
sector have been conceptualized as being interrelated and cannot be addressed in isolation (as 
would be in a reductionist approach).  At a finer or operational level, systems thinking is 
embedded in value chain and policy analysis to be undertaken in Objective 1; the 
development of the policy assessment model and identification of policy intervention points 
at both the national and at the local level is part of Objective 2, and will guide all the 
activities undertaken as part of Objective 3. 
 
The success of such an approach is dependent on the engagement of key stakeholders, 
particularly DENR, in all stages of the research, including design and implementation. This 
project is being implemented within a policy analysis framework. The DENR and other 
government agencies and other government agencies are contributing and, with their 
assistance the project expects to modify existing policy implementation and also to influence 
policy formulation at a regional and potentially national level.   
 
A policy assessment model is being refined and is being used to help identify options for 
policy reform and to then predict likely impacts of the options identified if they are 
implemented.  The most promising options will then be pilot tested.  This paper outlines the 
development of the policy assessment model using a Bayesian Belief Network as the 
framework.  The next section describes the process of development of the model.  Initial 
results are then presented and discussed, including an outline of future use of the model to 
identify a series of ‘best bet’ pilot studies to be trialled as part of the ACIAR seedling 
enhancement project.  
 
Research Method 
A Bayesian Belief Network (BBN) of the nursery sector that had been developed previously 
by one of the authors (see Gregorio 2006, Gregorio et al. in review) was used as the basis for 
the development of a policy assessment model to identify key leverage points for potential 
intervention.  The model was refined at a one day workshop held in Ormoc City, Leyte, on 12 
February 2008.  Key stakeholder groups who were represented at the workshop included 
senior staff from the Department of Environment and Natural Resources (DENR) Regions 8 
and 10, extension staff and researchers from DENR, private and community nursery 
operators, local government researchers from Visayas State University with expertise in 
agricultural extension.  Various members of the ACIAR project team also participated, 
including those from the Visayas State University, The University of Queensland, and 
Southern Cross University. 
 
During introductory sessions at the workshop to refine the BBN model, the model previously 
developed by Gregorio was demonstrated, along with a series of presentations outlining key 
aspects of nursery sector in the Philippines and lessons that had been gathered from previous 
project activities.  Feedback on the model was obtained from participants.   
 
During presentations and discussions associated with the BBN and project research activities 
related to identifying possible pilot schemes, a team member recorded all major issues that 
were identified by both presenters and stakeholder representatives.  These were recorded in 
the order raised on a whiteboard (see Figure 2 for example).  Any participant or presenter had 
the ability to include an issue at any time.  Each participant was then asked to place three dots 
against the issues they thought were the most important.  People could either place one or 
more dots on any issue. A group comprising both stakeholders and researchers then allocated 
each of the individual items on the list into themes, irrespective of whether they related to 
communal, private or government nurseries. Three main groups of policy intervention points 
were identified and participants then self-selected groups to identify options to address one of 
these areas.  Participants were allowed the option to move between groups, but few chose to 
do so.  A representative from each groups then presented the outcomes of their discussions to 
the broader group for critical analysis.  The general sessions were recorded and transcripts 
prepared as a permanent record.  Based on the outcomes of the workshop, selected groups 
were asked to prepare more detailed proposals for pilot studies to be undertaken as part of the 
ACIAR seedling enhancement project.   
 
Results and Discussion 
Exposure of the BBN to the workshop participants resulted in minor refinements to the model 
(see Figure 2).  During the workshop the model was used to highlight the some of the key 
intervention points for each of the three nursery sub-sectors (i.e. private, communal, 
government).  There was general agreement from the participants that the model produced 
results that were logical and accurately reflected the relationships between the nodes. 
 
It is beyond the scope of the current paper to undertake a detailed analysis of the key 
intervention points that can be identified using the BBN (described in more detail in Gregorio 
et al. in review).  Some brief observations however are warranted.  For the private nursery 
subsector, in order of importance, Technical skills, Production budget, Knowledge on Quality 
Germplasm Sources, awareness of the Importance of Genetic Quality and Market Assistance 
were the main intervention points for improving effectiveness. For the communal nursery 
sector, in order of importance, Technical skills, Knowledge on Quality Germplasm Sources, 
awareness of the Importance of Genetic Quality, Production budget and Market Assistance 
were the main intervention points for improving effectiveness. Lastly, for the government 
nursery sector, in order of importance, Production budget, Species selection, Technical skills 
were the main intervention points for improving effectiveness. Seedling transport, Nursery 
advertisement and removal of the need for smallholders to provide Proof of land ownership 
were possible interventions that had a very minor influence on government nursery 
effectiveness. 
 
Improving Technical Skills was consistently a very important intervention for lifting the 
effectiveness of all nursery sub-sectors. Training, however, which directly influences 
Technical Skills in the BBN model, was found to have little influence on Technical skills for 
the individual and communal nursery sectors in particular.  This is almost counter-intuitive 
and warrants further discussion because training is often seen as a key intervention.  In the 
BBN, the training node was populated with data collected through interviews of nursery 
operators (i.e. whether operators had attended training).  The Technical skills node, which is a 
child node to Training, was populated by data collected in interviews (i.e. an assessment of 
whether a nursery operator had expert skills).  There was little connection between training 
being received and a nursery operator being classed as an ‘expert’.  Detailed discussed at the 
workshop revealed that this was in fact logical and the result of the nature of training 
provided to nursery operators, often just as a one- or two-day event.  It was widely held by 
the stakeholders at the workshop that the current training provided by NGOs was poor and 
not suited to the needs and learning styles of the operators. For instance, the training was 
often theoretical and did not contain any practical (i.e. ‘hands-on’) component.  Training 
provided by NGOs, and other support agencies such as DENR, was often limited to a one-off 
basis and discussions suggested that follow-up training is needed.  This is an example of how 
discussions at the workshop provided valuable information for the design of intervention 
programs. 
 
Another interesting finding arising from the BBN, was that implementing interventions 
simultaneously, as an intervention package, is much more likely to improve nursery 
effectiveness that implementing a single intervention by itself. This indicates synergies 
among interventions. For example, Figure 3 shows the expected improvement in the 
probability of high effectiveness for the communal and individual nursery sections as 
interventions are cumulatively implemented.  
 
The analysis of the ratings of potential areas for intervention by participants revealed three 
main themes, namely Markets, Quality of Seedlings and Funding (of nurseries).  Workshop 
participants then self-allocated themselves into groups around these key themes and 
discussed the key issues and identified potential interventions and the predicted outcomes. 
For instance, the group discussing low quality of seedlings (referred to by the group as low 
quality of forest reproductive materials) identified low income (from sales), low price (of 
seedlings), poor site-species matching, low quality of seeds, timing of raising of seedlings, 
poor seed sources, infrastructure (lack of), and nursery cultural practices.  Six interventions 
were suggested to overcome these issues, namely establishment of seed production areas, 
establishment of seed orchards, certification of seed sources/certification, accreditation of 
nursery operators, information about site species matching and hands-on training on proper 
nursery practices, design and infrastructure.  Each group then presented its findings to the 
wider group and critical discussion followed.  The outcomes of these group sessions are 
presented in Table 1. 
 
It is notable that each of the three groups proposed interventions that overlapped with 
interventions proposed by one of the other groups.  For instance the seedling quality group 
proposed an accreditation scheme as a way to improve the quality of seedlings. The 
marketing group also proposed a nursery registration scheme to ensure high quality seedling 
production because they considered this as important to improve sales.  The budget group 
proposed both management and skills training as a way to reduce establishment and operating 
costs, while the seedling quality group also proposed training on ‘proper’ nursery practices, 
design and infrastructures (sic). The budget group and seedling quality group both also 
considered the establishment of seed production areas as important but for different reasons.  
The budget group saw this type of intervention as a means of reducing costs and increasing 
revenue, while the seedling quality group saw it as being a way of improving the genetic 
quality of seedlings.  
 
The interventions outlined in Table 1 are very general in nature and need further development 
before they could be implemented.  It is also beyond the scope of the ACIAR nursery project 
to implement pilot schemes in each of these areas. The project is intended to identify two or 
three pilot schemes and then implement these in Leyte and possibly Mindanao.   The next 
phase of the project will involved use of the BBN model to identify which of the proposed 
interventions coming from the workshop are most likely to have the greatest positive impact 
on the effectiveness of the nursery sector in the Philippines.  Key stakeholders from DENR 
have already developed more detailed proposals for pilot schemes for interventions and these 
will be assessed using the BBN model.  Based on the results from the workshop one pilot 
scheme may potentially involve a trial accreditation scheme based on best practices outlined 
in a manual and integrated with a “hands on” training program run by extension staff from 
VSU and DENR. The pilot schemes are to be decided upon and refined in a forthcoming 
project meeting. 
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Table 1. Summary of the three key issues identified by stakeholder workshop and suggested intervention measures, predicted outcomes and 
monitoring procedures 
 
Issue Details Possible intervention Predicted Outcome How to monitor 
Marketing 
i.e. poor market of 
timber products 
affects the 
demand for 
seedlings 
• Poor access to market 
• Lack of promotional 
activities 
• Poor quality seedlings 
• Lack of gov. support i.e. 
market information; 
preference support; linkage to 
buyers 
•Standardising nursery operators 
thru simple/affordable registration 
scheme to ensure quality seedling 
production 
•Make support of marketing of 
seedlings of nursery operators to be 
part of DENR’s IEC programs 
•List of registered nursery operators 
•To come up (with) a standard nursery 
•Simple nursery registration policy 
•Establish market links for seedlings producers 
•Nursery registration 
policy issued 
•Established market 
links 
•Network of nursery 
operators 
Budget •Fund sourcing (program; 
private labouring; institutional 
borrowing; aid projects/gov. 
subsidy 
•Establishment costs – capital 
outlays 
•Operational costs – labour 
and supplies 
•Free seedlings program – 
competitor of smallholder 
•Markets not clearly defined 
for smallholders, 
timber/seedlings (no clear 
vision of markets) 
•Evidence – need for evidence 
to see a way to make a future 
living 
•Fund sourcing – subcontract 
programs with technical assistance 
from DENR; smallholder grants; 
joint ventures 
•Establishment costs/Operating 
costs – good governance; skills 
training; management training; 
market research 
•Free seedling program – 
subcontractors of free seedling 
program – portion to go to 
smallholders; working with DENR 
to manage seed production areas 
•Markets – sustainable tree 
planting scheme; information data 
base of buyers/prices/sellers 
 
NOT COMPLETED BY GROUP 
•Agreement/contract 
signed with 
DENR/LGUs 
•Increase incomes 
•Closer relations 
between DENR and 
smallholders 
Seedling quality 
i.e. low quality of 
forest 
reproductive 
material 
•Low income & low price 
•Poor site species matching 
•Low quality of seeds 
•Timing of raising seedlings 
•Poor seed sources 
•Infrastructure 
•Nursery cultural practices 
•Establishment of seed production 
areas and seed orchards 
•Accreditation of seed sources 
•Accreditation of nursery operators 
•Proper site Species matching 
•Hands on training on proper 
nursery practices, design, 
infrastructures 
•Prod’n of good quality planting materials 
•Sustainable source of good quality seeds 
•Good quality planting materials – good control and assurance 
of what seedlings are being raised 
•Nursery operators could sell good quality planting materials 
– which will be patronised by more tree growers which in 
effect provide better income 
•Better growth and survival of planting materials 
•Prod’n of planting materials that satisfies quality standards  
•When seedlings 
produced are of a 
good quality 
Seedling physical quality 
high
low
34.3
65.7
Seedling genetic quality
high
low
13.1
86.9
Germplasm physical quality
high
low
54.1
45.9
Germplasm source
selected
unselected
9.15
90.9
Importance of genetic quality
yes
no
17.6
82.4
Production budget
satisfactory
constrained
10.8
89.2
Market assistance
yes
no
29.7
70.3
Price of germplasm
low
high
43.8
56.2
Training
yes
no
21.6
78.4
Seedling price
low
high
45.4
54.6
Germplasm physical quality
high
low
58.6
41.4
Germplasm genetic quality
high
low
23.1
76.9
Communal nursery effectiveness
high
low
33.9
66.1
Other production cost
low
high
68.2
31.8
Importance of genetic quality
yes
no
9.09
90.9
Seedling genetic quality
high
low
23.1
76.9
Seedling physical quality 
high
low
30.9
69.1
Germplasm source
selected
unselected
19.1
80.9
Price of germplasm
low
high
61.2
38.8
Germplasm availability
high
low
96.2
3.82
Project support
yes
no
 100
   0
Seedling price
low
high
56.5
43.5
Participation of members
high
low
57.7
42.3
Technical skills
expert
inexpert
33.3
66.7
Germplasm genetic quality
high
low
33.9
66.1
Nursery advertisement
yes
no
20.0
80.0
Seedling transport
yes
no
6.67
93.3
Proof of land ownership
no
yes
80.0
20.0
Suitability to demand
yes
no
63.7
36.3
Source of germplasm
selected
unselected
30.4
69.6
Seedling genetic quality
high
low
33.9
66.1
Seedling physical quality 
high
low
34.6
65.4
Germplasm physical quality
high
low
63.7
36.3
Species selection
availability
demand
program
50.0
21.7
28.3
Information on quality germplasm sources
yes
no
66.7
33.3
Importance of genetic quality
yes
no
 100
 0 +Other production cost
low
high
64.9
35.1
Germplasm genetic quality
high
low
13.1
86.9
Seedling demand
high
low
47.7
52.3
Training
yes
no
46.7
53.3
Germplasm availability
high
low
43.0
57.0
Technical skills
expert
inexpert
14.4
85.6
Individual nursery effectiveness
high
low
32.0
68.0
seedling quality
high
low
27.0
73.0
Market assistance
yes
no
77.3
22.7
Training
yes
no
86.4
13.6
Knowledge on quality germplasm sources
yes
no
13.6
86.4
Production budget
satisfactory
constrained
47.4
52.6
seedling quality
high
low
34.3
65.7
Seedling uptake
high
low
38.0
62.0
Seedling production quantity
high
low
33.3
66.7
seedling quality
high
low
23.7
76.3
Technical skills
expert
inexpert
13.2
86.8
Land ownership
yes
no
56.8
43.2Sustainability
yes
no
40.3
59.7
Seedling demand
high
low
27.6
72.4
Government nursery effectiveness
high
low
24.5
75.5
Operational effectiveness of the nursery ...
high
low
38.4
61.6
Seeedling distribution
satisfactory
poor
36.5
63.5
Knowledge on quality germplasm sources
yes
no
45.9
54.1
Production budget
satisfactory
constrained
33.3
66.7
Sustainability
yes
no
44.1
55.9
 
Figure 1.  Bayesian Belief Network of the Tree Nursery Sector in Leyte, Philippines.  Modified from Gregorio et al. (in review)
 
 
Figure 2: Identification and rating of factors influencing 
individual and communal nurseries 
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Figure 3: Probability of high nursery effectiveness for the communal and 
individual nursery sectors as interventions are cumulatively implemented. 
